Sphingomonas ginsengisoli sp. nov. and Sphingomonas sediminicola sp. nov.
Two novel bacteria, designated strains Gsoil 634
T and Dae 20 T , were isolated in South Korea from soil of a ginseng field and freshwater sediment, respectively and were characterized by a polyphasic approach to clarify their taxonomic positions. Phylogenetic analysis based on 16S rRNA gene sequences indicated that, although they probably represented two distinct species (indicated by a sequence similarity of 96.6 %), both strain Gsoil 634
T and strain Dae 20 T belonged to the genus Sphingomonas and were most closely related to 'Sphingomonas humi' PB323 (97.8 % and 96.7 % sequence similarity, respectively), Sphingomonas kaistensis PB56 T (96.8 % and 96.7 %), Sphingomonas astaxanthinifaciens TDMA-17 T (96.6 % and 95.4 %) and
Sphingomonas jaspsi TDMA-16 T (95.6 % and 95.8 %). For both novel strains, the major ubiquinone was Q-10, the major polyamine was homospermidine, the major cellular fatty acids included summed feature 7 (C 18 : 1 v7c, C 18 : 1 v9t and/or C 18 : 1 v12t), C 17 : 1 v6c and C 16 : 0 , and the polar lipids included sphingoglycolipid. These chemotaxonomic data supported the affiliation of both strains to the genus Sphingomonas. However, the DNA-DNA relatedness value between strain Gsoil 634 T and 'Sphingomonas humi' PB323 T was 31 %. Moreover, the results of physiological and biochemical tests allowed the phenotypic differentiation of strains Gsoil 634 T and Dae 20 T from established members of the genus Sphingomonas. Based on these data, the two isolates represent two novel species in the genus Sphingomonas, for which the names Sphingomonas ginsengisoli sp. The genus Sphingomonas was created by Yabuuchi et al. (1990) in order to accommodate Gram-negative, strictly aerobic, chemoheterotrophic, yellow-pigmented and rodshaped bacteria with cell envelopes that contain sphingoglycolipids. Based on phylogenetic, chemotaxonomic and physiological analyses, Takeuchi et al. (2001) divided the genus Sphingomonas into four genera: Sphingomonas sensu stricto, Sphingobium, Novosphingobium and Sphingopyxis.
More recently, Maruyama et al. (2006) proposed another genus within the family Sphingomonadaceae: Sphingosinicella.
In this study, we report on the taxonomic characterization of two Sphingomonas-like bacterial strains.
Two novel bacteria, designated strains Gsoil 634 T and Dae 20 T , were isolated in South Korea: strain Gsoil 634 T from soil of a ginseng field in Pocheon province, and strain Dae 20
T from freshwater sediment flowed from Daecheong dam, near Daejeon city. Both novel strains were isolated as described by Liu et al. (2006) on modified R2A agar plates incubated under aerobic conditions. Both strains were routinely cultured on R2A agar at 30 u C and maintained as glycerol (20 %, w/v) suspensions at 270 u C.
Genomic DNA was extracted from each novel strain by using a commercial genomic DNA extraction kit (Solgent). PCR-mediated amplification of the 16S rRNA genes and sequencing of the purified PCR products were carried out according to Im et al. (2010) . Full sequences of the 16S IP: 54.70.40.11
On: Tue, 11 Dec 2018 13:55:37 rRNA gene were compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from GenBank. Multiple alignments were made using the CLUSTAL_X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were constructed, by the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony methods (Fitch, 1972) , within the MEGA4 program (Kumar et al., 2008) , with bootstrap values based on 100 replications (Felsenstein, 1985) . DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. (1989) T (95.6 % and 95.8 %). Since the highest 16S rRNA gene sequence similarity value (including the value of 96.6 % recorded between the two novel strains) fell below the 97.0 % cut-off for species discrimination (Stackebrandt & Goebel, 1994) , the novel strains appeared to represent two novel species. Considering that the genera of family Sphingomonadaceae were separated from each other by 16S rRNA gene sequence similarities of ,95 % (Takeuchi et al., 2001) , these values also supported the affiliation of the two novel strains to the genus Sphingomonas. Furthermore, the DNA-DNA relatedness value between strain Gsoil 634 T and 'Sphingomonas humi' PB323 was 31 %, well below the 70% cut-off for species discrimination (Wayne et al., 1987) .
The Gram reaction was tested by the non-staining method of Buck (1982) . Cell morphology was observed under a T and Dae 20 T and related bacteria in the class Alphaproteobacteria. The tree was made using the neighbour-joining method (Saitou & Nei, 1987 ) with a Kimura (1983) two-parameter distance matrix and pairwise deletion. Filled circles at nodes indicate generic branches that were also recovered by using the maximum-parsimony algorithm. Bootstrap values (.50 %) based on 1000 replications are shown at branch nodes. Bar, 0.01 substitutions per nucleotide position.
Sphingomonas mali IFO 15500 T (Y09638)

Sphingomonas koreensis JSS26 T (AF131296)
Sphingomonas panni C52 T (AJ575818)
Sphingomonas aquatilis JSS7 T (AF131295)
Sphingomonas dokdonensis DS-4 T (DQ178975)
Sphingomonas echinoides DSM 1805 T (AJ012461)
Sphingomonas aurantiaca MA101b T (AJ429236)
Sphingomonas molluscorum KMM 3882 T (AB248285)
Sphingomonas japonica KC7 T (AB428568)
Sphingomonas sanxanigenens NX02 T (DQ789172)
Sphingomonas paucimobilis ATCC 29837 T (U37337)
Sphingomonas pituitosa EDIV T (AJ243751)
Two novel Sphingomonas species light microscope at 61000 magnification (Nikon), using cells grown for 3 days at 30 u C on R2A agar. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylenediamine. Carbon-source utilization and enzyme activities were tested by using the API 20 NE, API 32GN and API ZYM test kits (bioMérieux). Anaerobic growth was tested in serum bottles, using R2A broth supplemented with sodium thioglycolate (1 g l 21 ) and substituting the upper air layer with nitrogen gas. The anaerobic nitrate reduction test, used to determine the final electron acceptor, was also performed under nitrogen in serum bottles, using R2A broth supplemented with thioglycolate (1 g l
21
) and 10 mM KNO 3 . Growth in R2A broth at different temperatures (4, 15, 25, 30, 37 and 42 uC) and at various pH values (pH 5.0-10.0, at intervals of 0.5 pH unit) was assessed after incubation for 5 days. The buffers used to adjust the pH of the R2A broth (each at a final concentration of 50 mM) were. acetate (for pH 5.0-5.5), phosphate (for pH 6.0-8.0) and Tris (for pH 8.5-10.0). Salt tolerance was tested on R2A agar supplemented with 1-10 % (w/v) NaCl, after incubation for 5 days. Growth on nutrient agar and trypticase soy agar (TSA) was also evaluated, at 30 u C. Pigment was extracted according to a previously described method (Weeks, 1981) and a spectrum was obtained using a UV-visible spectrophotometer (Beckman).
Cells of both strain Gsoil 634
T and strain Dae 20 T were strictly aerobic, Gram-reaction-negative, non-motile, nonspore-forming and rod-shaped. Colonies of strain Gsoil 634 T grown on R2A agar were circular, convex, nonluminescent, opaque and reddish-orange and became sticky after 48 h incubation at 30 u C. Colonies of strain Dae 20
T were slightly different, in being yellowish and not becoming sticky after incubation for 48 h. Neither strain grew on nutrient agar or full-strength TSA but both grew weakly on 1/10 TSA. On R2A agar, both strains were able to grow at 15-37 u C but not at 4 u C or 42 u C. Crude ethanolic extracts of strains Gsoil 634 T and Dae 20 T showed pigment absorption maxima at approximately 477 and 450 nm, respectively. Other physiological characteristics of strains Gsoil 634 T and Dae 20 T are summarized in the species descriptions. The phenotypic characteristics that differentiate these strains from their closest phylogenetic relatives are presented in Table 1 .
For the measurement of DNA G+C content, genomic DNA of each novel strain was extracted and purified, as described by Moore & Dowhan (1995) , and then enzymically degraded into nucleosides. DNA G+C content was then determined as described by Mesbah et al. (1989) , using a reverse-phase HPLC. Polar lipids were extracted and examined by two-dimensional TLC (Minnikin et al., 1984) . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analysed by D.-S. An and others HPLC, as previously described (Hiraishi et al., 1996) . Cellular fatty acids profiles were determined for strains grown on R2A agar for 2 days at 30 u C. The cellular fatty acids were saponified, methylated and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI), using a gas chromatograph (6890;Hewlett Packard) and the TSBA60 database (Sasser, 1990) . Polyamines were extracted and analysed according to Schenkel et al. (1995) .
The major respiratory quinone for both novel strains was ubiquinone Q-10. The polar lipid profile of strain Gsoil 634 T (Fig. S1a , available in IJSEM Online) contained phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, sphingoglycolipid, phosphatidylcholine, an unidentified phospholipid and two unidentified glycolipids. The corresponding profile of strain Dae 20 T (Fig. S1b) contained phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, sphingoglycolipid, phosphatidylcholine and two unidentified glycolipids. Phosphatidylmonomethylethanolamine and phosphatidyldimethylethanolamine were not detected in either novel strain. The polar lipid profiles of the two novel strains were distinguishable from that of Sphingomonas jaspsi TDMA-16
T by the presence of phosphatidylcholine (Asker et al., 2007b) and were distinguishable from each other by the presence of an unidentified phospholipid (Fig. S1 ). The major polyamine of both novel strains, like that of all established members of the genus Sphingomonas sensu stricto (Maruyama et al., 2006; Takeuchi et al., 2001; Hamana et al., 2003) , was homospermidine. As shown in Table 2 , the major fatty acids of both strains included summed feature 7 (C 18 : 1 v7c, C 18 : 1 v9t and/or C 18 : 1 v12t), C 16 : 0 and C 17 : 1 v6c, which are consistent with major fatty acids of other related species of the genus Sphingomonas. However, some qualitative and quantitative differences in cellular fatty acids distinguished strains Gsoil 634 T and Dae 20 T from each other and from other recognised species of the genus Sphingomonas (Table 2 ). The genomic DNA G+C contents of strains Gsoil 634 T and Dae 20 T were 66.8 and 67.9 mol%, respectively.
On the basis of phenotypic, chemotaxonomic and phylogenetic data and the results of DNA-DNA hybridizations, strains Gsoil 634
T and Dae 20 T should be assigned to the genus Sphingomonas as the type strains of two novel species, for which the names Sphingomonas ginsengisoli sp. nov. and Sphingomonas sediminicola sp. nov., respectively, are proposed.
Description of Sphingomonas ginsengisoli sp. nov.
Sphingomonas ginsengisoli (gin.sen.gi.so9li. N.L. n. ginsengum ginseng; L. n. solum soil; N.L. gen. n. ginsengisoli of soil of a ginseng field).
Cells are Gram-reaction-negative, strictly aerobic, nonspore-forming, non-motile and rod-shaped, measuring 0.4-0.6 mm in diameter and 0.9-1.7 mm in length.
Colonies grown on R2A agar are circular, convex, nonluminescent, opaque, reddish-orange and sticky after 48 h incubation at 30 u C. Optimal growth occurs at 30 u C and between pH 6.5 and pH 7.5. Growth occurs without NaCl but is inhibited in the presence of 1.0 % (w/v) NaCl. Catalase-and oxidase-positive. Does not grow under anaerobic conditions. The substrates utilized as sole carbon sources (API ID 32 GN, API 20 NE) and enzyme activities (API ZYM) are listed in Table 1 . Ubiquinone Q-10 is the predominant respiratory quinone. Major fatty acids are summed feature 7 (comprising C 18 : 1 v7c, C 18 : 1 v9t and/or C 18 : 1 v12t), summed feature 4 (comprising C 16 : 1 v7c and/ or iso-C 15 : 1 2-OH), C 17 : 1 v6c, and C 16 : 0 . No 3-hydroxy fatty acids are detected. The major polyamine is homospermidine [1.75 mmol (g wet cells) Cells are Gram-reaction-negative, strictly aerobic, nonspore-forming, non-motile and rod-shaped, measuring 0.4-0.7 mm in diameter and 0.9-1.9 mm in length. Colonies on R2A agar are smooth, circular, convex, nonluminescent, opaque and yellow in colour after 5 days at 30 u C. Optimal growth occurs at 30 u C and between pH 6.5 and pH 7.5. Growth occurs without NaCl but is inhibited in the presence of 1.0 % (w/v) NaCl. Catalaseand oxidase-positive. Does not grow under anaerobic conditions. The substrates utilized as sole carbon sources (API ID 32 GN, API 20 NE) and the enzyme activities (API ZYM) are listed in 
